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INTRODUCTION

1

Under the terms "Drusenfieber," "Idiopat his c he Ha

lsdr-l1ssentziind.ung, 11 "Akute Sublymphoomische Lymphoma
tosis," "Acute Benign Lymplioblas tosis," "Acute
L:rmphadenosis," and "Infectious Mononucl eosis" have
been described a symptom complex which, though not
common, is of suff lciently frequent occurrence to
be of considerable impor tance, both from a practical
and theoretical viewpoint.

This sympto complex is

m

of interest due to the unusual, and a t first sight,
alarming blood picture and the invariably favorable
prognosis.

Infectious mononucl eosis has one virtue

that most of the diseases affecting the hemopoetic
centers do not have, namely, most of the patients get
well, notwithstanding the la.ck of knowledge of the
etiological factor.

The condi ticn is undoubtedly

more frequent than supposed; the litera ture prior to
1920 contains numerous case reports which conform ex
actl y to the syndrome of infectious mononucleosis,
most of which cases were considered as acute leukemia
with recovery.
The name mononucleosis is misleading, since it
suggests that t his disea se is char acterized by the
presence of mo nocytes in the blood which condition
has been proved not to be the case.
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DEFINITION
Infectious mononucleosis rnay be defined as a
contagious disease, occurring usually in young peo
ple, and characterized by malaise, irregular fever,
enlarged lymph nodes (notably the cervical), and en
largement of the spleen and liver as well as by an
absolute and relative lymphocytosis, consisting of
abnormal, though chiefly mature, lymphocytes, and the
presence of heterophil antibodies in the blood.

The

disease tends toward small epidemics and is not fatal.
The earliest record of this disease is by Fila
tow of Moscow, who in 1885 de scribed cases of acut e
enlargement of the cervical lymph nodes without as
sociated inflammatory changes in the mouth, nose, or
pharynx.
In 1889 Pfe iffer described a co ndition in child
ren in which the characteristics were a short febrile
course accompanied by enlarge ment and tenderness of
the cervical lymph nodes.

He called the condition

"Dr-llsenfieber."
Other c llnical features:

the e nlargement of the

axillary and inguinal glands were described, and in
the same year, Hoersche lmann (31) described a scar
latiniform eruption and also the occurrence of severe

membranous angina, enlargement of the spleen, an d the
occurrence of the condition rarely in adu lts in a �ild
form.
Neuman (44) in 1891 published a. series of cases in
one-half of whom there was su ppuration of the lymph
glands, and it was clear that this group had no rela tio
n to glandular fever.

But is was claimed that they

proved that glandular fever is only a local pyogenic
cervical adenitis.
Three phases in the s t udy of the disease have been
described:

(1) the clinical aspects of the disease;

(2) the hemato logical aspects of the disease: and

(3)

the serological aspects o f the disease.
For thirty years after Filatow's article was pub
lished, discussion was confined entirely to the clini
cal aspects of the disease.
In 1896 West (69) reported an epidemic of ninety
six cases from �astern Ohio, the first record of cases
in the United. States, with a clinical description of a
febrile disease lasting nine to twenty-seven days with
�nlargement of the lymph nodes of the neck, but at time
all superficial nodes as well.

In some instances,

there was abdomin al tenderness and frequently the spleen
and liver were en larged.

He also mentioned
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the synchro nous occurrence of infection of the upper
respiratory tract with fre quently no acc ompanying ton
silitis.

hecovery was the rule.

In none of the above mentioned reports was there
an y mention made of leukocyte count or of the condition
of the blood.
T-flrk in 1907 recorded three cases with the occur
rence o f a marked mononucleosis accompanying an acute
infection.

One case with angina and glandular en

largement resembled an acute leukemia with recovery.
Cabot (12) recorded four cases of acute local infection
with lymphadenitis in whic h the bl ood count showed a
leuko cytosis ranging fr o� 9,000 to 30,000 with 67 to
82 per cent. of lymphocytes.

A year later, Hall (32)

recorded an instance of acute leukemia wit h recovery.
Hall, h ow ever, marked an advance when he recognized
the sirnilar ity between his ease and that of T-Urk.

He

consequently concluded tba t these cases were examples of
some clin ical entity still unknown at that time.
Cases were recorded from time to time without ad
ding anything material to the original descriptions of
Pfeiffer and West.
The hematological period began in 1918-1920.
However, in the meantime, the greater frequenc y with
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which blood cou nts were being performed led to the
observation from time to time of cases diagnosed as
acute l eukenia on the strength of great glandular en
largement and marked lymphocytosis in_ which the hope
less prognosis was unexpectedly contradicted by the
rapid and complete recovery of the patient.

Cursc h

mann in 1906 reported what is apparentl y the first
record of a blood count in a case which may be not
unreasonably accepted as glandular fever.
diagnosed as abno�mal mumps.

It was

There was a

leukocytosis of 50,000 with seventy-eight per cent.
lymphocytes. Tfu,k attracted some attention to his case
by the dramatic account of his surprise when he met
the patient in the s treet two weeks after giving a
hopeless prognosis.

His opinion was tbs. t the

condition "could not be regarded as more than a
sublymphoemic lymphomatosis.

11

11

Cabot (12) in 1913

bel ieved that the blood changes were due to sepsis, and
this possibl e r esult from sepsis was accepted for years
though it is now disbelieved.
The first series of cases in which an s.bsolute
lymphocytosis was present was published by Deussing ( 26)
in 1918 under the tit le "Uber Diphtherieilhnl1cher
Anginen mit Lymphatisc=ier Reaktion."

These cases
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are examples of what subsequen tly became �nown as
"monocyti c angi na."

He noted the enlarged glan ds but

accepted them as :i::art of the reaction.

His descrip

tion of the mononuclear cells closely resembles modern
descriptio ns of th ose in oth er types of glandular fever.
He believed tba t t_he angina was of ordinary n ondiphtheri
tic type and that the lymphocytosis was the result of a
constitutional ten dency to "lyn1phatic re
action

II

°

on the pa.rt of each i nd ividual r,e. tient an d did not

recognize that he was dealing wi th the results of

a speci al dis ease.

In 1920 cases of benign lymph6cytosis were published
by Spr-u nt and Evans (60) under "Infectious Mono
nucleosis."

Tb.is is the first a rti cle i n which t he ex

istence of an inf ectious lymp hocytosis was clearly stated.
Their naming of the condition was an original nomencla ture which had never previously been u sed.
reference to Pfeiff er's glan dular fever.

They made mo
For some time

subsequently the identity of the two types was denied in
America.
Blaedorn and Houghto n (5) in 1921 presented four
cases of "acute benign l ymphobla stosis" with a clinical
picture similar in all cases.
its infectious nature.

They f ailed to recognize
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The first case diagnosed as glandular fever in
which the presence of lymphocytosis was observed was
published in 1921 by Tidy and Morley (39) and it was
then suggested that cases entitled infectious mono
nucleosis belonged to this group.

The identity of

infectious mononucleosis and glandular f ever, at
first opposed, was gradually accepted generally.

A

method of definite diagnosis was thus provided and
glandular fever came to b e recognized more read ily
and confidently.
By 1929 the only advancement in the study of the
disease was the establishment of
transient lymphocytos
i s.

occurrence of a

Otherwise, the clinical pic

ture of the disease remained much as Pfeiffer had des
cr ibed it.

However, occasional more serious cases were

observed in adults and often with some abdominal
disturbance.
The serologic diagnosis of infectious
mononucleosis was initi ated in 1932 by Paul and
Bunnell (45) when they found that the blood serum of the
patient with the disease is able, even in high
diluti ons, to cllmlp sheep red blood ce lls.
In 1935 Davidsohn {22) devised a new differential
serological test for infectious mononucleosis which has
proved inva luable for diagnostic purposes in questton
able cases.

C L I N I C A L

A S P E C T S
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GLANDULAR ENLARGEMENT

Pfeiffer's original description of a case was in
a child from five to eight years of age who is "suddenly attacked with. fever, during the night, accompanied
with great weariness and greater restlessness; vomiting may also be present.

The temperature generally

reaches 39-40 degrees Centigrade.

The organs seem nor-

mal, but there is great sensitiveness when motion is
made by the head and in d egluti ti on.

An extension of

the neck at the level of the posterior border of the
sterno-cleido-mastoid muscle and at the nucha shows a
m:unber of lymphatic glands which are considerably swollen and painful.

Ttie next day the fever will be absent,

and there will be only a few swollen and painful cervical glands.

l''or some days, the head will be carried

in a constrained position and pain in deglutition will
be complained of.

These are the symptoms of glandular

or ganglion:i.c fever.

In severe cases, the symptoms may

last as long as eight to ten days, the temperature remaining high on the second day instead of falling, the
glandular swelling involving both sides of the neck and
finally the nucha, the bucco-pharyngeal mucous membrane
being very red, deglutition being painful, and an irritating cough occurring.

On the third or fourth day,
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the liver and spleen become enlarged and there is severe
pain between the umbJ_licus and the symphysis pubis.

There

is no abnormality in the lungs or in the digestive organs,
and there is no cutaneous eruption.

Only the cervical

glands and those of the nuchae are enlarged, but the cough
and tte abdominal pain show that the retro-pharyngeal,
retro~tracheal,

and mesenteric glands may also have be-

come enlarged."
In addition to the above described glandular fever,
Pfeiffer mentioned another less acute form, in which instead of the cervical glands, all of the abdominal glandular organs have a i:a inful and characteristic swelling.
The only relation as yet discoverable between the two
forms of the disease cons is ts in the swelling of the liver and spleen in connection with the trouble in the lymphatic glands.

In glandular fever with abdominal localiz-

ation, children have rebellious diarrhea in addition to
high fever.

The diarThea is not very copious, but it is

quickly followed by emaciation.

Palpation of the abdomen

shows swelling of the mesenteric glands and hypArtrophy
of the liver and spleen.
West {69) reported an epidemic of ninety-six cases
in which the most marked feature in all cases was the enlargement of the cervical (carotid) lymphatic glands.
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After two or three days of malaise, the swelling could
be seen.

As a rule, it began on the left side and

reached full development on the second to the fourth
day.

Several hours before its completion on this side,

it could be noticed on the right side and the same
course would be followed as on the left.

Occasionally,

the swelling began on the right side, but in no cases
did it appear simultaneously on both sides.
was it confined to but one side.

Very rarely

The swelling always

had the same pecullar cr.arac teris tic appearance.

It

appeared smooth, but the finger easily detected three
or four enlarged glands.

It was elongated, about as

thick as an index finger and ran downward and forward
from just below the angle of the jaw between the body·
of this bone and the sterno-cleido-mastoid muscle to a
little beyond the middle of the jaw.

Other glands in

the immediate vicinity were also swollen but not so
much.

'l'he swelling was always tender, often painful,

and· frequently caused stiffness of the neck and choking sensations.
In seventy-five per cent. of cases there was
noticed enlargement of other lymphatic glands-the posterior cervical, the axillary, and the inguinal.

'l'hese

were never all enlarged in any one case, nor were they
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so much· enlarged or so tender as the cervical glands.
They were not visible and presented nothing unconnnon.
West also stated that in no case in the epidemic he
studied was there suppuration of the glands and also
that no enlargement or induration remained.
Williams (70) in 1897 stated in regard to Pfeiffer's
work that it is obvious that the specific character of
the disorder is not well marked since enlargement of the
cervical glands secondary to various local lesions is of
so common occurrence.

However, he emphasized as the

most distinctive point of the cases.which he has seen
was that the swelling and the tenderness of the glands
occurred without obvious lesions of the pharynx and the
tonsils and were altogether out of proportion to any
slight pharyngitis which may have been present.

He

also stated that he.did not meet with a case in which
suppuration of the involved glands occurred.
Neuman (44) in 1894 in presenting twenty-seyen
cases in children emphasized the sudden onset with unilateral involvement of the cervical lymph nodes.
Tidy and Daniel (67) in discussing the glandular
swelling state that in all cases it was largest in the
neck, the main mass was deep to the sterno-cleido-mastoid
muscle, but other glands were e1so enlarged.

The prominent
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swelling in all cases was initially unilateral.

The

degree of glandular enlargement was dependent upon the
severity of the case.

They describe the glandular pain

as slight and often absent with tenderness to palpation.
They also state that the axillary glands were always
palpable in severe cases and also in some of the milder
ones.

However, they never formed a visible mass and

were not tender.

The mesenteric glands were palpable

in a

portion of milder cases.

considera~le

In one case,

abdominal pain occurred suggesting appendicitis.
McKinlay et al (42) stress the fact that generalized lymph gle.nd enlargement is the outstanding and
constant feature.

m

.&.hey state that. it begins and reaches

its maximum in the cervical triangles, often symmetrically with involvement of the left nodes predomtnating.
The posterior lymphatic chains were constantly enlarged;
those in the anterior chain being less promtnent.

They

stress the fact that the extent of the adenopathy was
out of proportion to the lesion in the throat and was
especially striking in the absence of angina or pharyngitis.

Deep nodes massed in some cases under the sterno-

cleido-mastoid muscle about its middle, somewhat below
the angle of the jaw.

Otherwise the individual nodes

were discrete, somewhat soft and elastic, and rarely exquisitely tender with usually no appreclable psin.
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Also, these glands lacked the periglandular redness,
swelling, and edema which are sometimes noted in cases
of cervical adeni tis subsequent to ora 1 infection and

to scarlet fever.

They, too, state that suppuration

did not occur and that it occurs rarely.

The poster-

ior auricular nodes were not enlarged in contrast to
the adenopathy seen in rubeola.
Tidy {63) reports that in the type with sudden
swelling at the onset, the glands which enlarge most
characgeristically are those deep to the sterno-cleidomastoid muscle.

There may be a single large oval gland

behind the upper one-third cf the muscle.

He also em-

phasized the asymmetrical involvement of the glands of
the neck.

However, he s t:a ted that all of the glands

in the neck may be involved, and a chain may be palpable and even visible along the occipital ridge.

!he

skin over the glands may be red and hot in the early
stages and even edematous, but this subsides.

Other

glands in the.body may enlarge, and the epitrochlears
are not uncommonly palpable.

He has never seen the

parotid gland &ffected, but the pre-auricular and submaxillary lymph gls.nds may both attain a large size.
In regard to suppuration, Tiny states thit it is extremely rare, and apart from the cervical glands,
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suppuration never occurs, ·out and abdominal case has
been known to develop appendicitis.

Tidy.

(63) also stresses certain points of differ-

ence between the groups of cases of glandular fever
in children and adults with special regard to the
glandular involvement.

He states that in children

the enlargement was noticed to occur on approximately
the fourth day of the illness; in adults the average
day of onset of lymph gland enlargement was the twentiei th day of the disease.

The degree of lymph gland

enlargement was consistently and definitely less in
adults than in children.
Cottrell (19) mentions the fact that the lymphadebioa thy together with edema of· the neck may give
it a pyramidal contour.

/
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FEVER
Fever is an obligate symptom in infectious
mononucleosis.

However, in epidemics very mild

cases undoubtedly do occur in which the febrile
period is not observed.
The fever is of no definite or characteristic
type.

It may resemble that of

s~psis

or typhoid,

or it may be so transient as to resemble febricula.
As a rule, the deferveseence of the fever is by
lysis, but there may be a critical fall of the temperature.
·EFISTAXIS
Morley and Tidy (39) state that epistaxis may
occur at the onset of
rare.

t~

disease.

It is, howiver,

According to them, when it ta lees place, it is

apparently profuse.
Douthwaite (64) reports an epidemic in 1927 of
twenty-eight cases of gla.ndul.e.r fever in which twentyone had some degree of epistaxis.

the

In a few cases,

~leeding was very severe and persistent, but as

a rule, 1 t was of trivial extent.

He believes the. t

it was this fact which has led the symptom to have
been largely overlooked in the past.
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Thus in 464 cases of glandular fever collected
from the li tera.ture by Tid7r (6'7) only seven cases of
nose bleeding were recorded, but of these, four occurred in five patients of one family.

From this re-

port i t appears tba t perhaps may other instances
were overlooked or unrecorded.

/
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THROAT SYMPTONJ:'. AND FINDINGS IN INI<'ECTIOUS MONONUCLEOSIS

Williams (70) in 1897 remarked that the most distinctive point in the disease was that the -swelling
and tenderness of the lymph glands occurred without
obvious lesions

0

f

the pharynx and tonsils.

Longcope (36) in discussing his series of
states that:

11

~ases

In three cases, the tonsils were swol-

len, red and acutely inflamed.

In two other cases the

tonsils were swollen, red and acutely inflamed.

In

two other cases, in w:-iich the tonsils had been previo~sly

removed, the lymphoid tissue of the pharynx

was swollen and the pharynx was red.

Iryone case

the pharynx alone was red and in another instance the
disease came on following tonsillectcmy. 11
Cottrell (19) states that:

"In seven cases of

twelve, there was actual ulceration or exudation on
the tonsils or pharyngeal wall; all but one of the
other es showed congestion of the fauces and pharynx
in varying degrees and that one was not seen by us
during the height of the disease.
In six of

~ottrell's

11

cases showing ulceration

or exudation, smears from tonsils were positive for
spirillae and fusiform bacilli of Vincent.
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Tidy and Daniel (67) with relation to the throat
findings in glandular fever remark that:

"A tonsil

may be enlarged, but the presence of exudation is unusual, and the changes are slight as compared with
the marked glandular enlargement."
Ls.Motte (51) reports three cases, two of which
showed the tonsils to be extensively involved and the
other showed tonsils which were large and unhealthy.
Chase (51) states that the ghroat symptoms are
the earliest features of infectious mononucleosis,
and that men of wide experience are opposed to doing tonsillectomy during the period of the abnormal
blood pie ture.
Tidy notes with regard to the sore throat complaint that all children complained of sore throat
and that none of the adults did.
Thus, there appea.rs to be a wide variation in
the throat findings in infectious mononucleosis
ranging from no obvious lesions of the pharynx and
tonsils to actual ulceration or e.xudatlon on the
tonsils or pharyngeal wall.
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SALIVARY GLAND INVOLVEMENT IN INFECTIOUS MONONUCIEOSIS

Sprunt (59) mentions the fact that involvement
of the salivary glands has been described and. indeed
spoken of as glandular fever mumps.

Tidy (64), however;,

doubts its occurrence and attributes such descriptions
to confusion between the swelling of the salivary
glands and of tre neighboring lymph nodes with periglandular edenE..

Glanzmann (59) insists that involve-

ment of both the parotid and the submaxillary glands
occurs.

However, little nEntion is made in other

reports with regard to salivary gland involvement.
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ABDOMINAL SYPTOMS AND FINDINGS
In thirty-seven of ninety-six ·cases in West's
series (69), mesenteric glands could be felt enlarged.
He states that constipation occurred in a majority of
cases with a noticeable diarrhea in mild and shorter
cases.

Abdominal pain and tenderness was usually ob-

served in and below the umbilical region in seventyfive per cent of all cases.

In eighty-seven cases

the liver, and in fifty-seven cases the spleen were
enlarged.
Tidy (63) mentloned that the mesenteric glands
were palpable in a considerable protion of the milder
cases in the epiidemic of 1923.

In one of these

c~urns,

the abdominal pain suggested appendicitis.
Bunnell (11) presented a case of a white male
coriplain ing of anorex5_a, fever, and slight pain a.bout
the umbilicus.

Twelve hours after the use of a cathar-

tic, the patient complained of severe dull pain in the
lower abdomen which later localized in the right lower
quadrant of the

abdo~en.

On examination, the patient

had slight tenderness in both lower quadrants of the
abdomen, andthe diagnosis of appenclicitis was seriously
cons ldered.

However, the adenopa thy and the blood. count

suggested infectious mononucelosia, which diagnosis was
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confirmed by the heterophile antibody agglutination test.
Tidy (65) reports that the spleen becomes pslpao1e
in a certain number of cases.

It is r,enera.lly just

palpable, but it may be one to two finger breadths
below the oostal margin.

The enlergement may be trans-

itory, the organ being palpable for a. few days to two
weeks; but on the othe.r hand, there are undoubted instances where it has remained palpable for many months
or even years-long after the health of the individual
is normal.

He stetes tl:Js.t he has not met with a case

in which the spleen became palpable during the stage
of eruption or before the glandular enlargement and
the development of lymphocytosis.
Sprunt (60) believes that the spleen is probauly
enlarged in all cases, and that, in general, it may be
said that it is palpable in from fifty to
per cent. of cases.

seventy~five

He remarks tb2t some times it is

quite large but notes that there

is

no parallelism be-

tween the severity of the disease and the size of the
spleen.

...
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CUTANEOUS MANIFESTATIONf OF INFECTIOUS MONONUCLEOSIS
The frequency of eruptions in infectious mononucleosis is difficult to estimate.

It was present

in all of the adult cases seen by Tidy (64) in the
1930 epidemic in England in those cases with prolonged
pyrexial glandular fever.
The rash appears usu2tlly between the fourth and
seven th days, most frequently on the fourth or sixth
day.

It may be apparently be delayed until the tenth

day.

The most common type may be described in general

as a pinkish or pinkish-brown Maculo-papular eruption.
The spots often bear a close resemblance to those of

enteric and may disappear on pressure, but they tend
to be more elevated and somewhat larger.
usually scanty, oeing

ei~t

They are

to twelve in number, but

there may be as many as fifty spots distributed mainly
on the front of the trunk, but they may be scattered
over the back e.nd limbs, and a few spOts may appear
on the face.

The spots fade in a few days.

crops rnay or may not develop.
irritable •

Further

This eruption is not

The temperature at the appearance of the

eruption is 102-193 degrees F.

It remains sustained

for a few days while the spots are active, and then
tends to become rem:tttent.
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This may be accompanied by sweating and occasionally
by rigors.

During the sustained pyrexia, the condi-

tion may suggest enteric, but agglutination tests are
negative.

The spleen is not palpable during this

stage which lasts from ten to fourteen days and may
be from one to three wee ks.
Baln:.e (3) presented a case in which on the fifth
day a roseolar rash_ appeared on the abdomen similar
to the rose spots of typhoid fever.

These lesions

disappeared on pressure and faded away entirely in
three or four days to be replaced by further crops.
These f i:ndings are very similar to those made by
Tidy as mentioned above.
Cantor and Shuln:an (15) reported forty cases of
an infectious type which showed symptoms that differed
markedly frorn

a~y

in practice.

A provisional diagnosis of influenza was

made.

of the infectious cases usually

~een

On about the fourth to seventh day a rash appear-

ed which was one of the characteristic features of the
illness.

It consisted of a maculo-papular eruption

with spots about one-fourth inch in diameter, pink in
color at first and becoming tinted with blue, then light
brown, and lastly yellow, before fading.

They stated

thE. t the spots were not numerous, were dis ere te, and
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were easy to see.

The lesions came out in successive

crops so tha.t pink and bluish brown spots could be
seen at the same time, the color depending upon the
day of their appearance.

The spots were most numer-

ous on the trunk, chiefly on the front of the chest
and abdomen, but have been observed also on the face,
arms, and legs.

The rash lasted about a week, and then

gradually faded.
In a later article, Cantor (14) presented a further history of the above mentioned cases with the
obscure exanthem and stated that seventy-five per
cent. of the cases showed sl!ght enlargement of the
'

occipital and cervical glands as well as those along
the posterior border of the sterno-cleido-mastoid
muscle.

In some cases the glandular enlargement was

more marked than in others.

In a number of

spleen became palpable but not tender.

c~ses

the

The gls.ndular

enlargement became manifest toward the end of the second or the beginning of the third week just when the
roseolar rash was fading.

In conclusion, Cantor

stat-ed that it appeared that all of these cases were
glandular fever.
Loewy (35) reported an epidemic in which three
specific cases in one household had a rash similar
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to the "obscure exanthem" reported by Cantor and
Shulman as previously described.
the

~ots

He stated that

and tpe pa.pules were very definite but

that they may be easily overlooked as they were not
always numerous and were only present for a few days
during the first two to three weeks of the illness.
Typical findings, both clinical and cytological were
noted in these cases.
Rolleston and Radford (52) presented two cases
of glandular fever resembling Typhus fever with an
indefinite eruption which was described as a blotchy
eruption which produced a faint mottling of the chest
and abdomen.
Spencer (58) reported th~ty cases with characteristic symptoms of infectious mononucleosis and with a
faint but definite rose-colored macular rash over the
chest, abdomen, and flexor surfaces of the arms in
thirteen cases.

In one case the rash was definitely

maculo-papular and covered the entire body except the
face.
In further discussing the rash, Tidy (63) stated
that in

t~

cases in children, none had rashes.

ever, in the adults all had rashes.

How-

The character of

the eruption may be judged by the fact that the Widal
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reaction was done in three of four cases, being
negative in all.

He stated that there is not a

che.rac teris t le eruption constant for a 11 types.

In the glandular and anginose types, eruptions
were rare.
As

regards the character of the eruption, Tidy

(1) a macular euption in the

mentioned two types:

febrile type; and (2) a rubelliform eruption, mainly
in young children.

In the febrile type in England in

1930 the rash was aprominent feature as was previously

noted.

The rubelliform eruption may appear at the on-

set, before, or with the glandular enlargement or later
in the attack.
Glanzmann (59) is convinced

th~t

in many cases

the exanthem is indistinguishable from rubella and
also that the occipital glan0s are frequently enlarged.
According to him, as in rubella, the eruption may be
confluent in part and discrete in others.
Other eruption may develop which have been var iously described as an urticaria, erythema nodosum., or
erythema morbilliform.

The, se are usually transient.

Rubni ta (54) presented two cases which he stated
exhibited some of the rarer clinical phenomenon-- one
with a maculo-pe.pular erupticn over the abdomen 1 chest,
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shoulders, and arms and one with jaundice.
Mackey and Wakefield (37) reported a case in
which, following a short prodromal period, there
appeared the typical findings of infectious mononucleosis, both clinical and hematological, together
with enlargement of the spleen and liver, and with
jaundice.

Trie case had been diagnosed as an acute

cholecystitis.

The

j~undice

disappeared in two weeks.

A gall bladder study showed no stone and showed normal function.
jaundice.

This case was typica.1 except for the

The question was brought up as to whether

the jaundice was Merely the
cholecystitis.

r~sult

of a coincidental

If this were true, we would have to

aseurne that the acute infection of the gall bladder
invoked the mononuclear response instead of the usual
polymorphonuclear response.

However, granting this,

we have lei't the splenic and general lymphatic node
enlargement to explain.

If the answer is negative,

we have two things to consider:

(1) Is the infectious

agent of glandular fever capable of producing an acute
cholecystitis with resulting jaundice?

or

{2) Was

the jaundice brought about by lymph node enlargement
along the common and cystic ducts, thereby obstructting the former?

A lymph node enlargement, especially
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a swelling of those nodes in Calot's triangle would
explain this and seems to be the most likely explanation of the jaundice.
Perhaps the jaundice observed in the case reported
by Rubnitz (55) may be explained upon the same basis as
that which occurred in the case of Mackey and Wakefield
(37).
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SUPPURATION OF THE LYMPH1\TIC GLANDS
As regards sepsis, Tidy (65) states that suppura tion of the glands is no part of glandular fever.
Secondary infection must naturally sometimes occur,
but ls rare.
HEMATURIA

This was mentioned by Huebner {70} in speaking on
Pfeiffer's original communication.

In 1921, Morley and

Tidy (39) collected statistics of 270 cases of glandular fever which gave an incidence of six per cent. for
hernaturla.

They stated that it may be the first symp-

tom for which a doctor is consulted.

It is

uncert~in

whether it should be regarded as an acute hemorrhagic
nephritis or as a simple bleeding.

In any case, it

appears to be a harmless manifestation.

Tidy (66)

states that he has watched several cases over a course
of years and has never known nephritis to develop.
Hematuria may occur in any type and is not common in
the anginose type and with severe sore throats.
ever, large epidemics hB. ve been recorded

w~_

How-

thout any

example.
Hesse {70) reported three cases in the same family, all of whom suffered from severe nephritis.

He
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argued that the existence of this complication is
strong evidence in favor of the

that the lymphadenitis is either a
an acute specific disease sui

theory and

S~')ecific

manifestat~on

or of an abort-

ge~eris

ive form of one of the exi:mthema ta.

of

He dismissed the

second alternative lightly.
INVOLVEMENT OF THE CENTRAL NERVOUS SYSTEM

Headache is especially frequent and cerebral manifestations of the fever and general toxemia occur as
in other infections.
to somnolence.

There may be a striking tendency

In one of Glanzmann's cases (59) en-

cephalitis was suspected.
Stiffness of the neck is not unusual as a result
of the swollen painful lymph nodes.
suggest the possibility of

It's presence may

men~ngitis.

Other sibns of

meningeal irritation may be noted as in Longcope's case
{36) with slight stupor, hyper-reflexia, and a positive
Kernig sign.
Epstein and Damesheh (27) present a typical instance of glandular fever of marked cerebral symptoms,
sufficient at first to overshadow the underlying disease process.

The patient had headache, blurred vision,

photophobia, and general malaise with nausea.

The
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findings consisted of:

stupor of the patient;

sluggish pupils with injected fauces;
splenomegaly;

generalized lymphadenopa.thy, most

marked in the cervical region.
positive.

rigid neck;

The Kernig sign was

Spinal fluid pressure was normal;

the cell

count was 30-44 lymphocytes per cubic millimeter.
There was an absolute and relative mononuclear leukocytosis.
a

~ecrease

Gradual clinical improvement occurred with
in the lymphocytes in the spinal fluid and

blood to normal.

They~

state the. t in this case, ob-

viously, the acute neurological condition and lymphoid
hyperpl1rnia must be closely related.

Also, the simul-

taneous clinical recovery and return to normal of the
white blood count indicate a temporal relationship.
The close parallelism between the cellular changes in
the cerebro-spinal fluid and the leukocyte count is
significant.

Further, the acute onset with cerebral

symptoms accentuate the reasonable possibility of the
involvement of the central nervous system even before
frank s 5.gns of a generalized systemic disease were
manifest.

.Finally, it is not unreasonable to suppose

that the same infective agent which caused the lyrnpho!d
hyperplasia also produced the involvement of the central
nervous system.
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CARDIAC CJMPLICATIJNS
Bradshaw (9) presented a case of infectious mononucleosis typical in history_ and findings, in which the
patient was up in two and one-half weeks.

However, in

this case, rheu.matic heart disease with mitral stenosis
followed immediately upon the attack of infectious mononucleosis.

There was no assignable cause for the cardiac

complication except the etiological virus of infectious
mononucleosis.

The patient had shown no evidence of

joint involvement at any time.

One and one-half months

after the supposed recovery, the patient began to notice
slight dyspnea and palpitation on ascending stairs.

The

patient was a physician's daughter and had been examined
a few months previously by a cardiologist whose records
showed no evidence of any involvement of the heart.
therefore, seems perfectly clear that previous to the
attack of infectious mononucleosis, there had been no
suc;gestion of rheumatic fever or endocarditis.

It,
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CLINICAL TYPES
Tidy {64) has classified glandular fever under
the following types:
1. Sporadic

~

of Adults

This is the full course of glandular fever.
onset if: with headache and malaise;

The

a stage of rnaculo-

papular eruption follows and subsides;

and a stage of

moderate glandular enlargement during which the lymphocytosis develops and the spleen may become enlarged and
palpable.

This full course may also occur without the

recognition of any eruption.
2. Sporadic ~ of Children
The onset in this type is with sore throat and
sudden marked glandular enlargement.
tion.

There is no erup-

Lymphomatosis is early and usually of a high de-

gree, but there may be a preliminary stage of general
leukocytosis.
3. Sporadic

rn

~

in which Eruption and Glands Develop

Together
Lymphoma tosis occurs as in the prevj_ous type.
The eruption may be a maculo-papular type, possibly
most common in adolescents.
children doubtful).

(occurrence j_n adults and
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4. Epidemic ~ of Children
This is the milder type often seen ln schools.
The glandular enla.rgernen t and the lymphocytosis are
of lower grade than type (2).

5. Epidemic

~

of Adults

This type was found to occur in attendants of infected children.

The glandular enlargement and the

constitutional disturbances are trivi9l.

6.

~

with Absence of Enlarged Superficial Glands

In this type, the cases have severe constitutional
symptoms, prolonged pyrexia,

~nd

late development of

lyrnphocytosis consistent with the diagnosis of glandular fever but with no recognizable enlargement of the
superficial glands.

In most of these cases there is

evidence of involvement of mesenteric or mediastinal
glands.
Tidy (64) further di st inguishes three major types
of cases:

(1) The glandular or Pfeiffer type;

anginose type (monocytic angina);
type.

(2) The

and (3) The febrile

Interrnedia te forms do occur.
(1) Glandular ££, Pfeiffer

especially in children;

~--occurs

appears f8.itly acutel:r after

a prodroMal period of one to four days, and lymph node

35

enlargement soon becomes pronounced.

All or any group

of glands rnay become involved, but those posterior to
the sterno-cleido-mastoid muscle are pre-eminently affected.

They are discrete, have a firm elastic con-

sistency, and are only moderately tender.
is rarely symmetrical.

Enlargement

The glands vary in size from

that of a pea to that of a walnut.

Axillary and in-

gu!nal glands are less often involved, but even thoracic, mediastinal, ann Mesenteric nodes may increase in
s lze and pres sure symptoms may follow.
(2) Anginose

~-In

this type, the clini-

cal picture has often been confused with diphtheria.
After a prodromal period of one to three weeks, during
which there is increasing malaise and pyrexia, the
throat

beco~es

sore and soon a membrane resembling that

of diphtheria is formed on or near the tonsils.
may persist for many days and edema may develop.

This
Laryn-

geal obstruction, however, is unknown.
(3) Febrile
type in adults.
an·d headache.
meningitis.

~-This

is the most common

The onset is sudden with malaise, fever,
The latter may be so severe as to suggest

A macular or papular rash may then appear and

not infrequently, spots develop in crops.

The glands may

not become enlarged until two or three weeks after the
onset of the illness.
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Morley and Tidy (39) in discussing work on the
possible etiology of infectious mononucleosis state
that the bacteriological investigations have been principally directed to culture from the fauces, and they
resulted in the growth of staphylococci; pneu."llococci,
and influenza bacilli in a certain number of cases.
According to them, the view that it is an acute infectious fever is consistent with the general course of
the illness with the occurrence of epistaxis, nephritis,
and with the observation that treatment has no effect
upon the course of the acute stage of the d1.sease.
Murray et al (40) report on experimental work in
an lmrestigation of a spontaneous

epidem~c

disease in

rabbits in which they isolated an organism named by
them Bacillus Monocytogenes which produced a great increase in the rnonocytes in the blood and which cells
also manifested typical

?tain~.ng

reaction of the cells

seen in human infectious mononucleosis.

Witts and

Webb (73) in further work showed that these cells originated from the spleen and bone marrow of

t~e

rabbits,

and they found that the lyrnppatic glands were absolutely
destitute of monocytes and nonoblasts.

In this latter

respect, the infection is rabbits differs from infectious mononucleosis in

~an,

and further, all attempts

··....-I
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to isolate any specific organism in the latter disease have ended in failure.
Cottrell (19) discusses the association of spirilla and fusiform bacilli of Vincent with infectious
mononucleosis.

He states that it is frequent enough

to give rise to a strong suspicion of a causal relation.
However, he states that the cases in which Vincent's
organism do not occur show no other differences from
the cases with Vincent's organism.

Also, he has re-

peatedly seen cases of Vincent's tonsillitis with only
·cervical adenopathy, without splenomegaly, and with a
polymer phonuclear neutrophilic leukocytoa is, but he
has never seen the syndrome of infectious mononucleosis
·associated with Vincent's gingivitis.
GoRdby (19) in

d~scussing

acute, as oppcsed to

chronic, Vincent's gingivitis says:

"In the absence

of secondary infection the C.if ferential blood count
shows a polymorphonuclear neutrophilic leukopenia with
a relative lymphocytosis. 11
These factors suggest ths.t there is some, as yet
undiscovered, agent which is responsible for the disease and with which Vincent's organisms are frequently
associated or that the combination of organisms is
res pons 1ble.
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Coon and 'lbewlis (18) state that in a single case
they isolated a diphtheroid organism from the excised
tcnsil and lymph node and fulfilled Koch's postulates
with the organ ism in guinea pigs.

They give no experi-

mental protocols and this is the only inf!. tan ce in which
culture and animal inoculation are said to have
any significant result.

g~ven

According to them, whatever

the causative organism may be, the indications seem
clear that the port of en try is the tons 11 and lymphoid
tissue of the pharynx.
Hueper (32) states that bacteriological exarninations of. the throat by smear and culture show the presence of streptococci, staphylococci, and the frequent
occurrence of fusospirilli.
bacilli are always absent.

According to him, diphtheria
He further stetes that the

etiology is absolutely dark, but he mentions the fact
that some authorities consider it to be a disease sui
generis, while others are inclined to regard it as an
atypical reaction of the hemopoetic system to an infectious agent of a non-specific nature.
Weiss (19) contends that there is no difference
between an agranulocytosis and a lymphatic reaction,
because he observed the transition of a lymphatic reaction into an agranulocytic one.

According to him,

-,.----
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the type of .reaction is decided by the v:l.rulency of
the infective agent and the resistance of the body.
He denies a specificity of the infectious agent.
Gorham et al (29) also note the fact that the
frequency of sore throat in these cases suggests that
the infectious agent either remains· localized to the
pharynx or entered the body through the pharynx.

~hey

state that some of the2eases present typical Vincent's
angina, while others do not.
The first case studied by them was a typical case
of infect".ous mononucleosis in a young girl who had a ·
.very severe Vincent's angina of the tonsils.

Some of

the membrane from the pharpnx was inoculated into the
groin of two guinea pigs, and both animals developed
infectious mononucleosis subsequently, notably as regards the blood findings.

'!be physician in charge de-

veloped infectious mononucleosis following his contacts
with the patient and the infected guinea pigs.

'.L'he

mother of the physician also developed the disease as
a result of direct contact.
Material removed from the throat of the physician
w:l. th suction apparatus produced the blood picture of the

disease in the guinea pigs.

Later, one of the techni-

clans, countihg the blood of the infected guinea pigs,
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developed infectious

Material removed

mononucl~osis.

fron:i the throat of the techn iclan also produced the
:typical blood picture in guinea pigs.

Thus, the blood

picture of the disease has been reproduced in guinea
pigs with material fror the pharynx of three different
cases.

One had a typical Vincent's infection of the

throat and one had a typice.J_ Vincent's infection, but
the throat aid not have Vincent 1 s

infect~. on.

An examinat~on of the physician's throat in the

early stage revealed a very large number of vibrios.
Since very little is known of the blood reaction to
vibrios, the organism was isolated and studied.
strains were isolated:

Two

one from a case of Vincent's

angina and one from a case of acute Vincent's infection
of the bronchi.
Both

stra~.ns

guinea pigs.

produced typical blood picture in

One strain was used only as a dead heat

killed vaccine.

This dead :r::iateris.l produced just us

typical changes in blood as did the living organism of
the other strain.

After recovery from one attack, the

animals were immune to a second or third inoculation.
There was cross immunity between the two strains.

Blood

from the physician agglutinated a vibrio from a different source in a dilution of 1:64.

Two cubic centimeters
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of this serum p:r·evented the. s ppeara.nce of the blood
changes in the guinea pig for one week, after which
time, the typical changes appeared.

A rabbit was im-

munized to the vibrio, and 1 ts blood agglutinated the
organirrn in a dilution of 1:320.

Five cubic centi-

meters of thiR serum prevented the development of the
blood .changes in a guinea pig inoculated with two cubic
centimeters of a vibrio culture.

Five cubic centimeters

of blood from a normal rabbit failed to protect a guinea
pig inoculated w:l th the same amount of the same culture.
Cultures of (1) fusiform bacilli, (2) Btreptothrix, (3) staphylococcus albus, (4} s taph;rlococcus
an nus, (5) streptococcus hemolytic us, · (6) streptococcus
viridam, (7) colon bacillus, and {8) diphtheroid baccilus all failed to produce this typical picture.
Bland {6) reports the following experimental investigation of glandular fever by culture and animal
:i.nocula tion:
1. Inoculation of blood from a human case into a
rabbit was followed by a disease which is transmitted
to other rabbits by citrated blood.
2. lbis diisease is characteriz·ed by fever, anemia,
leucopenia, monocytosis, lympha.denopathy, splenomegaly,
enlargement of the 11 ver, and focal necrosis.
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·They state that it 1e imposeible to conclude th.st
the experimental and the human disee.se are the same.
That experimental glandular fever followed the inoculation of blood of a human caee;

that it is a disease

character!zed by fever, lymphadenopathy, and a profound
change in the blood picture--all have been demonstrated.
Also, histology of the glands also suggests identity.
On the other hand, this has been obtained from the blood

of only one case;

three were probably non-infective,

since they had been 111 for sorJe time and were afebrile.
Bland (7) in another article reports attempts to
blood culture and then ntterr.pts at direct passage to
animals b;r inoculation of cl trated blood or of gland
pulp.

The rE)port ls a study of seven cases, three of

which had

~een

ill three weeks when blood was obtained

and were not good subjects.

Blood cultures and trans-

mission to animals failed in these three cases.

In

the remaining four cases, blood culture also failed.
However, in three of these cases, positive result8
were obtained by animal inoculation.
Further study of the experimental disease as
it occurs in rabbits, guinea pigs, and monkeys has
shown that 1 t is associated wt th the presence of a
protozoan of the genus ToxoplanFa, and that the
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pathological conditions found are these known to be
caused by organisms of this type.

Since toxoplasms

are widely spread in nature and toxoplasrnos is is a
natural disease of many animals, it has been 1rnposeible
to be absolutely certain that the dis ease produced by
the inoculation of the glandular fever blood is not
due to the presence in the animals used of toxoplasms
that wer•e aroused to ac ti vi ty by the inoculation of
foreign blood.

Cert~in

facts point against this,

however:
1. All of the control anlmals used in the experi-

ment were negative.
2. Although the protozoan obtained resembled the
ordinary toxoplas!!l of the rabbit ir.imtinologically, these
organ~sms

are capable of infecting monkeys, which the

true toxoplasm cannot do.

Also, the protozoan in-

voked in the rabbit a disease cheracterized by fever,
glandular enlargement, and mononucleosis.
3. In addition to the clinical resemblance, the
histology of the glands resembles that of the human
glands which were studied.
These investigations point to the conclusion
that glandular fever, at any rate the type that occurred in England in 1930, is due to a toxoplasm.
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However, this evidence !s not final.
In conclusion it mEry- be stated that all o:f the
orbanisms found in the throats of normal individuals,
tobether with

Vincent's organism,

diphtheroid organ-

isms, a newly described organism, B. Monocytogenes,
and a toxoplasm have all been associated with infectious mononucleosis either experimental or clinical.
However, there is insufficient evidence at present to
indicate the true etiological infectious agent.

r-
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No age group is imrrnne to gk.ndu.lar fever, but
the disease is k:nown to be rare in
forty years of age.

~.ndividuals

over

The gland11lar and epidemic form

af'fects children of six to fifteen

~rears

especially;

whereas sporadic cases occur more often in older ch!.ldren or young adults.
As regards the distribution of glandular fever,
it has been recorded throughout Europe, except in the
extreme South, in North .America, in China, in Australia,
and in the Falkland Islands.

In the tropics, the only

records are an epidemic in Trinidad described by Cochrane and Bettencourt (17) and two cases in Manilla described by Hasselmann (36).
The history of the cases in Pfeiffer's reported
epidem~c

and the epidemic studied by West are si:mLle.r.

B oth reported that the cases would spring up irregularly in different parts of the territory.
remarked that:

West (69)

"the absence of house to houee infec-

tion and infection through schools or churches, or of
any regular spread was noticeable."
Baldridge et al (2) state that from their studies
in epidemics, they have been led to believe that the
infection is often much more widespread than is appreciated, and that many of their, as well as other,
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sporadic cases are only the more marked instances of
a s'J118.ll epidemic--many of the cases of which are so
mild as to escape notice.

Thus, the occurrence of

these very mild and unrecognized cases has made lt
difficult to follow accurately the

e,~e.ed

fection or to ascertain the incubation

of the in-

per~od.

Spencer (58) reports an investigation of an epidemic of glandular fever in

wh~.ch

made along the following lines:
supply;

ice crear.:;

contagion.

investigations were

water supply;

milk

insects as possible vectors;

and

However, an investigation of the city water

supply showed that:

(a) the consumption did not tax

the capacity of the plant;

{b) the process of ·puri-

fication was satisfactory;

and (c) the bacterial

count was normal.

In addition, two cases occurred

at homes out of the city, each having its own source
of water.

Also, other cases were also reported from

adjacent country.

Thus, under such conditions the

water supply could not reasonably be held responsible
for the epidemic.
The mlJk supply was ruled out as a possible source
of the epidemtc since the milk consumption in the cases
wati from numerous dairies.

With regard to ice cream,

all of it came from one source.

However, its preparation
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was satisfactory on inspection.

Also, all patients

did not consume ice cream, and others who did consume
ice cream did not become ill.
Because of the evidence of enlarged posterior
cervical, paster• or aur1cu1Pr, and

suboc~ipi ta.l

lymph

glands, head lice were looked for, er,pecially •. None
were found.

Also, a careful survey about tho homes,

as well as about the business district, revealed no
larvae of Aedes Aegypti.
..

In discussing the contagion in this epidemic,
Spencer remarked that the cases were scattered and
that no definite relationship or contRct appeared to
exist between them.

However, a house to house survey

in a selected area of the residential section and another. in the business district uncovered a number of
cases that suggested a spread of the condltion from
one person to another.

A history was also obtained

of many mild and abortive

attac~s

which would far ex-

ceed the actual number of cases seen and reported.

In

one family of four, the three children came down within
a week, the mother escaping.
Spencer's work thus serves to explain the appa:r·ent absence of hou!e to house infection which had been
noted by Pfeiffer and West on the basis of the occurrence
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of sub-clinical cases.
Davis (25) presents a nursery epidemlc, affectlng
every infant in a nursery of ten children.
demic was explosive in characer.

This epi-

Potter (48) states

that from the character of the epidenics which have
been described, the mode of infection would seem to be
a droplet infection from the upper respiratory tract.
Cochrane and Bettencourt (17) report an

ep~_demic

of glandular fever occurring ln seven out of eighteen
males between the ab es of t>.Yenty and twenty-fl ve who
were visiting Trinidad from British Guiana.

Efforts

to trace tM' source of the infection were fruitless.
Milk supply and water supply failed to show any relation.

The time of onset was the same in all but one

case, and the mode of onset differed only in the intensit~

and tn the course of the disease, no variation

was noted.
Stuart ani Mickle (62) state that the epidemic
nature of infectious mononucleosis with an incubation
period of from five to fifteen days seems to be establinhed.

They state that the degree of infectivity is

not great;

also, that contact infection ':seems to occur

only in the early stages of the disease and direct contact or throat droplet

infectio~

is probably the mode
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of transmission.

They recommend isolation of cases

until one week after the temperature hae returned to
normal.

.

...
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GENERAL CONSIDERA?IJNS
Due to the fact tba t infectious mononucleosis is
usually not alarming, rarely being prolonged beyond
three weeks and never
morbid anatorny.

f~tal,

but little is known of the

There is a general hyperplasia of the

lymphoid tissue throughout the body, including Waldeyer 's ring in the pharynx, superficial lymph nodes,
adenoid. tissue in the intestinal submucosa, the spleen,
and perhaps also the lymphoid tissue in the salivary
glands, in the liver, and in other orcans.

Cl~n~cally,

there is not any such universal recognition of the
lymphoid hyperplasia in any one case.

The histology of infectious mononucleosis seems
not to ·be very dis tine ti ve, unless it be tba t there
is a rnHrked hyperplasia of all of the e laments with
anattempt to retain the architecture of the lymph
nodes.
Numerous inves ti~~a. tors have studied lymph nodes
in infectious mononucleosis with special comaideration
as regards the architecture of the nodes, the nature
of the hyperplasia in the nodes, and the cytology of
the 1-ymph nodes.
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ARCHITECTURE OP THE NODES

Changes in the archltectUT'e of the involved
glands depends upon the degree of the lymphocytic and
reticulo-endothellal hyperplasia.
ports that:

Baldridge (2) re-

"the architecture for the most part ls

discernable though there is much distortion by the
marked lymphocytic hyperplasia which compressed the
sinuses arid distended the capsule.

Some germinal

centers were replaced by uniform lymphoid hyperplasia."
According to McKinlay·et al (42), the architecture of the

node~

showing the greatest alteration is

completely &bliterated, and there is marked hyperpla.sia of both the lymphocytes and the reticulmn.

NATURE OF THE HYPER?LASIA
There is some definite variation in opinion
among the workers with regard to the type of elements
of the lymph glands which show the greatest degree of
hyperplasia.

Pratt (50) believes that the outstand-

ing feature.is the extensive hyperplasia of the reticulo-endothelia.l system.

In the sections which he

studied, many areas showed such intense overgrowth
as almost to en tire ly exclude lymphoid elements,
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thus producing "reticulo-endothelia.l foci."

These

showed central necrosis,. and cloudy swelling.

No

tubercle or micro-organisrns were detected and no giant
cell systems could be seen.

Bland (6) in a report of

experimental glandular fever in rabbits fror; inoculation of blood from a human case states that the reticule-endothelial response was marked with damage,
particularly shown in the walls of the small blood
vessels.

He suggest.that the histological picture

seems to suggest a toxemia, possibly due to infection
with a filterable virus where the main response is.
called forth from the reticulo-endothelial system,
and where the damage is pirticularly shown in the walls
of the small blood vessels.
On the 0ther hand, McKinlay et al (42) describe
the hyperplasia as lacking in uniform-tty.

dense areas of

l~mphocytes

They note

altPrnating with areas in

which the lymphocytes are scattered and the hyperplasia
of the reticulum is more pronounced.

In the denser

areas, the lymphocytes are fairly uniform in size, and
a section thrcugh such a region gives a picture much
like that seen in cases of chronlc lyrnpha tic leul{emia.
The lymphocytes show great variation in size and
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stru~ture

in the regions

whe~e

they are scattered and

where hyperpla.s ia of the reticulum :!.s more pronounced.
This hyperplasia involves groups of reticular cells
which swell and become rounded and probably proliferate.

Baldridge et al (2) state that the lymphocytic

hyperplasia is :marked, while there is no increase in
the fibrous reticulum and no necrosis or evidence of
repair in the glands removed six rnonths after the initial attack.
Fox (28) reports th&t there is nothir.g distinctive in the changes in the lymph glands beyond a rather
definite hyperplasia of the lymphoid cells which is
most pronounced in the germinal centerfl.

The cells in

these areas show karyorrhexic and karyokinetlc nuclei.
ThiL

lymph sraces between the cords show a.cti ve pro-

liferation of the epitheliod cells of the reticulum
with formation occasionally of large uninuclear cells,
almost of giant size.

A few of these large epitheliod

cells are also mixed with the cells in the lymph cords.
The follicles are formed almost exclusively of quite
small, normally made, lymphocytes, and the germ center
contains the usual vesicular mononuclear cells.
Srnall mononuclear cells are the

~ost

nur.ierous and con-

stitute ninety-five per cent. of the cells.
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Pratt (50) studied a second gland in his case,
the gland being removed from prncttcnlly the same
site as the initial gland one year after the onset
of the disease.

His findings were an enlarged gland,

less extensive than the first,

Histologically, he

found moderate congestion, serous exudate, and old
hemorrhage.

Much cellular degeneration was seen, the

germ centers in some of the pl.aces being involved.
Enlargement was due to the hyperplasia of the reticuloendothelial system elements.

A fa!r amount of fibrosis

was present.
HISTOLOGICAL FINDINGS IN TONSIL
Fox (28) reports a tonsillectomy during infectious

mononucleosis.

The organ was large and soft with a few

filled up crypts and a small ulcer from which organisms
of the Vincent type could be stained.

Histologically,

a very decided solidity of the lymph cell growth with
here and there irregular fields of larger cells which
probably represent germ centers.
of the usual kind.

The lymph cells were

The maeses of large cells showed

many with pyknotic, karyorrhe/tic and karyolytic nuclei.
A few fleerriingly norr.ml ml toses were found.

mount of fine pigment was seen.

A sriall a-

There were no strands
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of large mononuclear cells.

Phagocytosis of cells and

debris by large cells was alr.Jost absent.

The epithelium

was retained on the edge of the section, although many
mononuclear cells and polymorphor.uclear cells were found
in its layers.
In the crypts, the epithelium was retained in
places, degenerated in others.

Two small areas of ac-

tive inflammation were found near the epithelial covering.
CYTvLJGY OF THE LYMPH NODES

McKinlay et al (42) find that many of the large
basophilic and leukocytoid lymphocytes seen in the blood
smear are aleo found in biopsy sections of nodes.

There

is good co1•relation between the character of the lymphocytes of biopsy and of blood smears from the same patient.
Thus, it seems obvious that many of the atypical lymphocytes of the blood have assumed their abnormal features
while still in the nodes.
According to Baldridge et al (2), mitoses are numerous (six per high power field) in the germinal centers and lymphatic cords, and a few were seen in the
lining of the lympp sinuses.

In all of the glands

which they studied there was a very marked variation
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in the size o:f the lymphoid cells, many of •Yhich were
found free in the lymph sinuses.

Marked irregularities

were common in the nuclei of the cells, both in the sinuses and in the lymphatic cords.

Some of these nuclei

were lobulated and indented and resembled in shape the
abnormal circulating elements.

There was no increase

in fibrous reticulUL1.
Fox (28) classifies the large mononuclear cells
seen in the nodes under the following types:

1. Large cells with irregular moderately
well stained nucleus, clear nucleolus, or two nucleoli.
The protoplasm is lightly acidophilic.
2. Resembles a very large plasma cell.
3. Similar to (1) but large, neutrophilic
cytoplasm, phagocytic of red blood ce:ils, and occurs
more along the sinuses.

This cell is a reticulo-endo-

the lia 1 cell.
4. large vesicular cell with delicate
nuclear strands and barely distinguishable cytoplasm.
All. of these cells give the impression of being
very soft and :r.iost of them are molded into their place.
Two mul tinuclear phagocytic cells ·,..1ere found.
men twas seen.

No 1)ig-

Some cells were noted with very deeply

staining hoMogeneous nuclei, some with a nucleus broken,
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which are probably degenerating small mononuclear
cells.

Mitoses in these cells were not numerous.

Phagocytosis of fragments ··;ms fairly common;

here

and there what seemed to be a red cell had been taken
up, but polynuclear cells were not enclosed •
Both Baldridge et al (2) and Fox (28)• report the
presence of an occas iona 1 eos inophilic leukocyte.
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GENERAL DISCUSSION OF BLiJOD FINDINGS IN INJt"'ECTivUS
MONO?HJCLEOSIS

The symptoms, physical signs, and the

co~rse

of

infectious mononucleosis, in themselves are not alarming, but when viewed in conjunction with the blood findings present a startling picture.
essentially the same in ·all cases.

The blood picture is
According to Cottrell

(19), the total white blood count usually, but not invariably, is increased to a noderate degree--12,000 to
15 1 000--early in the disease;

however, rluring the con-

valescence, the total number of leukocytes rnay be quite
normal, the altera.tlon being in the differential .count.
Heuper (32) reports that a granulocytic leukocytosis
sometimes exists for a short period in the beginning,
followed by an absolute leukocytosis (20,000 to 30,000)
up to 80 1 000 and an absolute and relative lymphocytosis
and mor.ooytosis which iz especially marked at the climax
of the disease.

This condition may prevail to a minor

degree, even during the period of convalescence, or the
number of white blood cells may drop below the normal
le\'el and a leukopenia with lymphocytosis may be present.
On the other hand, McKinlay et al {42) emphasize
that the blood picture is not
fectious mononucleosis.

absolutel~r

specific in in-

They saw one case with a blood

ol

picture of infectious mononucleosis with a leukocytosis
of 15,000 which changed later to a fatal abranµlocytosis,
with a total white blood count of 800.

In another case

of agranulocytosis, all granulocytes were lost from the
blood for a period of tbree days.

The total whlte blood

count was composed of leukocytoid lY!!'!phocytes and a few
monocytes and did not fall below 1 1 400.
covered.

The patient re-

They have seen a similar lymphatic reaction

in a case of septicemia.

They note that such confusing

cases are infrequent in occurrence and hematologically
(without history) may be mistaken for infectious mononucleosis.
McKinlay et al {42) in discussing data acquired
over twelve years of observation of blood changes in
fifty cases of infectious mononucleosis, state that
the white blood counts and the differBntial counts
were striking.

Lymphocytosis (relative or absolute)

was fifty per cent. or greater in all cases at some
tirne during the course of the illness.

A white blood

count of 10,000 or over was noted at some time in forty
or fifty cases studied.

The per cent. of gra.nulocytes

found in initial counts was known to drop as mnch as
sixty-three per cent. as the leukopenia gave way to a
moderate leukocytosis.

The lymphocytosis appeared to
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be greeter in cases with high temperQtures.
According to Baldridge et al (2), the per cent.
of mononuclear cells averages much higher in sporadic
cases than in epidemic cases.

During an epidemic, there

are many cases in which there is a definite acute febrile onset and in such instances there is also an initial polymorphonuclear increase.

Although there is no

rigid parallel between the degree of fever and the polymorphonuclear increase, there is at least a definite
relationship.

The w.ononucleosis gradually develops as

the fever subs!des.

They feel that the apparent dis-

crepancy in the degree of mononucleosis reported in
sporadic and in epidemic cases can be readily explained
on the fol-lowing basis:
1.

The differential diabnosis between

glandular fever and non-specific upper
respiratory infections with cervical adenitis is notoriously difficult and

conse~

quently many cases with cervical adenitis
are dismissed as upper respiratory infections when the first blood count shows a
polymorphonuclear increase.
2.

In the presence of an epidemic, these

cases are more likely to be followed and
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subsequent blood examinations reveal a
mononucleosis of

~oderate

to marked de-

gree.
3.

In many sporadic cases, the onset is

some time before their application for
treatment, which is s(Jught only because
of persistent glands, elight febrile attacks,
or continued and troublesome symptoms and,
consequently, blood counts are not done dur-

ing the acute febrile

o~set.

Downey (42) has s:1own that this lymphocytosis is
not an individual peculiarity, a normal condition for
those particular individuals.

This is evidenced by

the ff.let that four of his patients when examined four

to nineteen months after the disease, had normal counts.
Also, this lymphoeytosis is not an expression of an individual peculiarity in exhibiting a lymphocytosis instead of a polymorphonuclear re action to an infection
or other stimulus, for one of Sprunt and Evan's cases
.CtiO), after recovery from infectious mononucleosis,

had an acute follicular tonsillitis with a polymorphonuclear leukocytosis.

This same finding has been sub-

stantiated by nul'lerous other investigators.
With regard to the time of appearance of the
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mononuclear leukocyte sls, Longcope (36) states th.at
at the time of the enlarceMent of the lymph nodes,
during the first week of the illness, there occurs
the absolute and relative increase in the mononuclear
cells of the blood with a slight, but dis tin ct, decrease
in the total

m~,.,.,.Oer

of the granular 0ells.

According

to hi:rr, the high wht te blood count lssts but a few days
and is entirely dependent upon the actual increase in
n1lr.1ber of non-granulA.r forms of mononuclear cells.
This increase becomes definite by the s eventh day and
reaches its height about ten to fourteen days after the
onset of the

disease~

From this period on, there is a

decrease in the total number of the white blood cells
with a. corresponding reduction in the mononuclear cells.
Finally, the normal relat!ons between the different
types of leukocytes becomes

esta.bl~shed.

With the in-

crease in mononuclear cellc, there is an absolute reduction in numb'er of the granular cells;

with recovery

the granular cells increase in number and finally reach
their normal number.
No

abnor~ality

has been found to occur in the red

blood .1,1icture and the platelet count has been found to
be normal in all cases of infectious mononucleosis.
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DESCRIPTION 0F CELLS WITH CRI'I'EhIA FJR AGE OF THESE CELLS

The lymphocytos is which follows the initial neutrophilic leukocytosis is usually characterized by the presence of very atypical leukocytoid lymphocytes.

The chief interest is centered on the mononuclear
cells, including under this general term both lympho.,
cytes and monocytes.

There undoubtec.ly occur in most

cases intermediary forms between the typical monocyte,
on the .one hand, and the typical lymphocytes, on the
other hand, regardless of the method of examination or
staining.

This occurrence has resulted in confusion of

opinions concerning cell derivations and about the nomenclature.

American authors have reco1 Pized the a bnor-

mal cells to be of lymphoid origin.

Among the European

workers, the opinions· aB to the origin of the cells are
varied.
By th·e use of supra v:!. tal staining, Lawrence and
Todd and other workers believe tbat on the basis of the
number and arrangement of the neutral red granules a.lone,
the distinction cannot be Pl0.de, but that from other criteria such

~s

motility, cell outline, and the character

of the nuclei, it is evident that the cells are lymphocytes.
The abnormal lymphoid cells may be pathological
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in rebard to their s1ze, in regard to tho shape of the
nucleus, and its chromatin arrangement,

~nd

in regard

to the structure and tinctorial properties of the cytoplams.
The nucleus may be round, oval, or even horse-shoe
shaped, and it is usually eccentric in position.

The

chror::a tin a.rrange:r.mn t varies fro:rr. the ordlanry heavy
chromatir,

~ands

of the lymphocytic nucleus to the finer

and non-regular network suggesting the t of the monocytes.
Or there may be a concent1 ation of chro:nie.tin with a mere
1

radial arrangement like that in the plasma cells.

Much

more rarely the nucleus is pale staining with very finely
divided chroma tin and s evera 1 nucleoli
stem cell

or

lymphoblast.

i·~_ke

that of the

The important changes in the

cytoplasm. are the me,rkedly increased basophilic tendency
and the occurrence of vacuoles wh1ch, when numerous, may
giv~

the cell a foamy appearance.
Another frequent type of cell has a nuc1eus s1.m11ar

to the above but ·,v:tth a :rruch nore uniform cytoplasm, a
hya.l~.ne-like

material with few granules anc: much less

basophilia.
Sprunt (59) stresses that study of the qualitative
changes may aid greatly in the diagnosis in atypical eases
where the differential counts do not vary greatly from
normal.
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There is considerable variation in the character
of the atypical lymphocytes in different patients.

In

occasional patients, the lymphocytes are of fairly normal structure, usually large atypical basophilic lymphocytes which show a tendency to develop toward plasma
cells.

The abnormal morphology shows that the condition

is not an ordinary lymphocytosis such as is seen in pertussis, which is characterized by a great

incr~ase

in

the number of the lymphocytes of normal structure, except in very young children in whom many of them may
be immature.
Confusion has resulted from the fact that many investigators of this disease have believed that the large
lymphocytes (basophilic) are in:mature lymphoble.sts similar to those seen in cases of a cute lymphatic leukemia.
:f'urtber study in many cases has shown that the cells are
usually not immature and that the blood picture does not
suggest that seen in leulcemia.

Thls confusion is due

to the fact that tbe criteria for judging the degree of
immaturity of lymphocytes have not always been understood.
Hemat.ologis ts ha. ve a.greed tbs. t basophilia of the cyto-

plasm is extremely variable in lymphocytes;

the young

cells may or may not be very basophilic, while plasma
cells, which are mature, are very basophilic.

.....---
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Wiseman (72) reports that the study of blood
from rabbits with normal and with hyperactive lymphatic tis sue reveals in the latter, a greater per cent.
of lymphocytes with heavily basophilic cytoplasm and
numerous mitochondria.
mic basophilia

~d

T his indicates tbs. t cytoplas-

mitochondrial content can serve as

criteria of the degree of maturity of the lymphocytes,
these characters bav ing the same significance in this
relation as obtains with other cells of the blood.
Basophilia is the more evident and reliable indicator
of youth of the cells.

The classification of lympho-

cytes into three groups according to the degree of
basophilia has yielded figures which show the proportions of the three to be relatively stable in blood
from normal adult human beings and rabbits.
Size is not strictly a function of age in ly:rnphoc,tes.

Moreover, there is no correspondence in the

size of l·yrnphocytes in supravi tal films and in fixed
speciments obtained by cover glass method.
change of size during fixation.

There is a

Although lymphocytes

of intermediate and lai·ge size may be of any age, in
supra-vital preparations the majority are young cells,
whereas in fixed fil.n:s the reverse obtains.

The small

lymphocytes may be of any age tn specimens examined by
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either technique.

The total number of lymphocytes

circulating at any given time is not necessarily an
index of the lymphoid activity.
Stuart et al (61) describe the cells as ''having
a vacuolated cytoplasm, often with little irregular
projections from the surface of the cell and the nuclei
'1111 th

coarse chroma tic masses

var~ring

to irregular or deeply cleft.

in shape from round

Frequently cells with a

very deep blue cytoplasm are seen.
In certaln of these a. bnormal forms, a scmewha t
lighter, rnore uniform cytoplasm, and a few azure granules appear.

They tend more to resemble the normal

adult lymphocyte.

11

Potter (49) describes the cells as "varying in
size from smill to large;

the nucleus has a wavy ap-

pearance due to chromatin strands.
be egg or

ules.

horse-~noeshaped

The nucleus may

or may be mace up of lob-

rrhP- cytoplasm is larger than s ts. ted for ths. t of

the normal lymphocyte and stains basophilic and has
the appearance of hya line.

The cytoplasm has no defin-

ite ·granules. 11
McLean (43) states that the differentiation of
large monocytic cells with non-granular cytoplasm which
may conceivably be myeloblasts, lymphoblasts, monoblasts,

70

or lymphocytes is difficult and without supplementary
methods, often impossible in an examination of fixed
blood films s tal ned by one of the Roma.now sky staining
methods.

Various criteria, such as structure of the

nuclear chromatin, the number of nuclei, the intensity
of staining of nucleus and cytoplasm, have been laid
dQwn, but the application of these standards to an isolated rnononuc lear cell is usually unsatisfactory.
In many cases, the presence of more mature cells
of the particular series enables one to decicle as to
the identity of the more primitive and less differentinted cell.

But there

~re

certain diseases of blood-

forming tissue such as glandular fever, in which there
is only one type of Il'!Onocytic cell present, and it is
in these cases that supravital staining is of value.
By supra vital s tainlng is meant the,- application

of certain dyes, notably neutra 1 red and Janus green
to living blood cells.

The

dy~

which is so diluted as

not to impair the vitality cf the cell, is taken up in
a characterist!c way.

The Janus green stains the mito-

chondriaWbich are present in the cytoplasm as small rod
or coccus-like bodies.

These mitochondria are particu-

larly in evidence in growing cells and are characteristic
in certain cells with regard to the number, d:t.stribution,
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and arrangement.

The neutral red appears

RR

granules

or small vacuoles which are varied in number# size, and
distribution in different cells.
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- --- -------

DIFFERENTIAL DIAGNOSIS OF BLOOD 1' INDINGS
1

Genuine lymphoblasts as seen in cases of acute
lymphatic leukem'a have an extremely delicate leptochromatic nuclear pattern which is very different

fro~

that of the :mature lJrmphocytes of the normal blood.

In

cases of infectious mononucleosis, the nuclear pattern
is often even coarser than it is in the normal lymphocytes owing to the tendency of these cells to develop
into plasma cells.

Lymph ob las ts approach the s true ture

of myeloblasts and the nuclear s trnctures may be identical if the cells are sufficiently irmna.ture.

Lympho-

blasts of this type are not often seen in cases of infectious mononucleosis.

However, a fe·1r immature lympho-

cytes are found in some cases of infectious mononucleosis.
Several authors have reported findings of mitosis and
a.mitosis in infectious mononucleosis.
McKinlay et al (42)

r~port

that they have frequently

found lymphocytes, slightly :!.mmature 1 but they note that
the immaturity

ha~

never been sufficient to cause diffi-

culty in a differentiation from cases of early leukemia.
They believe that the "leukocyte id" character of the

lymphocytes is sufficiently specific to enable one to
distinguish benign and leukemic forms.

They also state

that the presence of toxic neutrophils and the shift to
the left in the chilling sense are other. fee. tures which
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enable one to decide in favor of the benign condition.
The infrequent finding of degenerative cells as
compared with the frequently occurring degenerative
cells in the leukemias is also of value in
diagnosis hematologically.

d~fferential

Also, none of the cells in

infectious mononucleosis show an oxidase ferment, thus
dif ferentiatlng fnom those of myelocytic origin.

,......--
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Mills (64)
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INTRJDUCTI0N

It has been known for a long time that the blood
serum of a large majority of persons is able to lake
and clump erythrocytes of the sheep, but only in very
low dilutions.

Davidsohn (21) has also shown that the

lytic and agglµtinating powers of human blood serum
rises considerably after the injection of horse serum,
normal or immune, particularly if followed by serum
dis ease.
In the course of checking the observations on
serum disease which were made by Davidsohn, Paul and
Bunnell (45} discovered the presence of similar antibodies in infectious r.iononucleosis.
The hemolysins and agglutinins of normal persons
and of persons injected with horse serum are called
heterophilic antibodies.

The term

11

heteropnilic 11 re-

fers to the property of sue h antibodies to :r·eact with
an antigen (sheep erythrocyte) that seel"'lingly had nothing to do with their developments.

They possess that

property in addition to the ability to react with the
hor.ioloe;ous antigen.

Some heterophil antibod:tes are

specifically removed from human or animal serum by the
tissues of various animals (guinea pig, horse, chicken,
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and others) and by some bacteria (the pneumococci, the
dysentery bacilli, and others).

The antigen 1n these

animals and bacteria is known under the name of its
discoverer as the Forsmann heterophilic antigen.
Davidsol".n (20) showed by proper absorption tests

tr...a t the an Ubodies against sheep red cells in normal
persons and after horse serum therapy were of the Forsmann type and by analogy it was assumed by many writers
that the antibodies in infectious mononucleosis were
also of this type.

It has since been shm·m that this

is not the case.
In view of the fact that nothing definite is known
at present about the etiology of infectious mononucleosis
and thg,t the

morpholog1~'=11

changes in blood are character-

istic, but not absolutely specific for the disease, the
study of the antibodies in the blood serum offers s basis
for recognition as well as for classification of the disease.

It may be tba t the finding of the etiologic factor

will modify or even nullify the significance of the serological changes in infectious mononucleosis.

It may then

become appar'ent that we are dealing here wi t!1 4nore than
one disease.

However, until such

ti~e,

considerable help

can be derived from what is already known about the heterophil antibodies in mononucleosis.

r
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SHEEP CELL AGGLUTININS IN NURMAL INDIVIDUA:::.S

The presence of hemolysins and agglutinins for
sheep cells in low dilution of supposedly normal human
sera has been repeatedly observed.

Davidsohn (23) also

gives f.tgures to show that their occurrence in human
beings may be influenced so:mewhat by the blood group
of the individuals from whom tbe serum ie obtained.
In Davidsohn !s first 8t1 l11es (20) on thA presence
of sheep cell agglutinins in normal individuals-a series
of 450 adults-he found them present in low dilutions of
1:4 in 4.2.per cent. of cases.

In a largerseries-850-

cases-he found nine per cent. to possess agglutihins
.for sheep cells in dilutions of 1 :4;
utions of 1:8;

only a few in dil-

none iri higher dilutions.

He believed

the higher per centa.ge in the second series which included children, to be due to the

incr~ased

number of

therapuetic immunizations 'Nith tbe various sera administered during childhood.
Paul and Bunnell (45) studied agglutinins for other
animal cells and they found the presence of ox, guinea
pig, and rabbit blood cell agglutinins in a much higher
per cent. of normal lndi vi duals, thus placing sheep cells
in a rather unique position from the standpoint of their
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reactions with human sera.
Freidberger and his co-workers {45) have determined the presence and concentration of sheep cell
heMolysins and rabbit cell agglutinins in individuals
of different age groups finding that both sets of
antibodies were absent at birth;

that they were der1on-

strated in low c9ncentrations among twenty per cent. of
infants during the first year of life;
by the fifth ?·ear;

sixty per cent.

ninety per cent. l:>y, the tenth year.

This high incidence remained throughout adolescence and
early adult life, but subsequently fell slowl7 to about
t~enty

per cent. in old age.

In interpreting these

findings, the German invF:stigators have raised the
question as to whether defensive antibodies may not be
formed in growing chlldren as an expression of imriunologic maturation.
Paul and Bunnell (45) in their own control studies
of 275 cases showed none to have sheep cell agglutinins
in unusually high concentration.
age

distribution~

This :I.n eluded a wide

,.
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Stuart et al (61)
TABLE S..:IJWING CUM?ARIGON OF. THE TIIBRS FOR ~,HEf:P CELL

AGGLUTININS IN N0RMAL SERT™S FROM REPORTS OF VARIOUS
INVE~,TIGATORS

DEICHER

Dil. %Pas.

DAVIDSOEN

BUNNELL

STUART

KAGAN

Dil. %Pos.

Dil. %Pos.

Dil. %Pos.

Dil. 1£Pos.

7

neg.

40.7

neg.

0

neg.

0

3

1:7

0

neg.

most

neg.

1:4

few

1:3.5

20

1:8

23.3

1:5

1:7

24

1:16

22.2

1:10

23

1 :14

30

1:32

9

1:20

46.33 1:28 20.3

1:28

18

1:64

4

1 :40

20;.66 1:56 23.4

1:56

1

1:128

0.8

1:80

6

l:loO

0.06 1: 22411. 6

1:320

0.33 1:448 1.5

1:14

8.5

1:11230.4

1:896 4.3

THE ABOVE FINDINGS SH.OW A GENERAL
TO THE CJNCENTRATIDN OF THE SHEEP CELL
NORMAL SERUM.
IN TECHNIC.

DI~

AGREEMENT AS

AGGI..UTI~ENS

IN

THIS EXP LAI NED ON THE WIDE DIFPERENCES
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PAUL AlID BUNUELL (45)

THE ACE D~TRIDUTION OF ~HEEP CELL AGGLUTININ~ Ill
SERA FROM A SERIES 0F 275 GENF.RAL HOSPITAL PATif'llTTS

100

80

1:4
60

1:2

40

- AVE. TITER ~HEEP CELL
AOCL1TTININ~

%of
WITll

-

,WEP.AGE TITER
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HETEROPHILE AGGLUTININS IN OTHER CLINICAI.J CONDITIONS

Due to the frequent as soc :la tion of Vincent's organism in cases of infectious mononucleosis, Paul and Bunnel
(45) atte:r:1pted a determination of heterophil antibodies
in Vincent's Angina.

Their s;.lbjects were two cases

suffering from ulcerative lesions of the mouth, from
vthich a. large nunber of spirilla and fusiform bacilli
could be demonstrated.

Iri neit;her of these cases,

however, were sheep cell agglutinins

de~onstrated.

follo;r;s, that if one assumes Vincent's

organh~ms

It

in any

way responsible, he must also assm:ne that a far more
extensive antLbody response is elicited in this disease
than

j_ s

seen in the usual case of Vin cent's angina.

The above mentioned workers did some experil"lental
work t<J determine whether or not Vincent 1 s fus !form
bacilli contained the heterophil antigen.

Two rabbits

were inoculated with a suspension of living organisms
from a stock strain of fusiform bacilli.
specific agglutinins for the strain of

In both rabbits

.fu~-tforrn

bacillus

employed as antigen were rapidly developed in high titers.
In neither antisera were heterophil antibodies, demonstrated as asglutinins for sheep cells, detected at any
time during the process o.f

imrrnnizat~on.

There a;re two

,....--
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possible explanations for this finding: (1) that an
unknown agent respcnsible ror infectious r10nonucleosis
contains the heterophil antigen;

(2) that we are deal-

ing with an example or is o-agg lutinin production elicited
b;r abnormal cells, which are

pre~ent

either in the blood,

or elsewhere, d 11ri:'.1g active stages of the disease.
Bunnell (11) reports that in none or the clinical
conditions simulating infectious rnononucleosis or those
w::th ·nhich it rr:it;ht be confused have they been able to
demonstrate any appreciable increase in the aggl 1 1tinin
titer.

He states that cases of acute rheumatic fever

and rheumatic arthritis may occasionally show a
tination in a titer or 1:32.

i_ agglu-

Several of the blood dys-

crasias were studied by both Bunnell (11) and Bernstein
(4).

In none of these cases were increases noted in

the heterophil antibodies.
Davidsohn ( 21) mentioned the finding of a high
titer of sheep cell agglutinins
insulin.

~-n

a patient receiving

The titer in this case was positive in 1:64.

Among the many examinations of pathological conditions other than infect:'..ous mononucleosis i high titers
were not observed except in cases of serum disease.
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Paul a.nd Bunnell (45) report their firidings in
a study of sheep cell agglutinins in seven cases of
serum disease.

A very appreciable increase of agglu-

tinin titAr was present in ninety per cent. of cases.
Some of the titers were as high as l:o4.

Si~ilar

find-

in&s have been reported by numerous other workers.
Davidsohn and Walker (24) report a serological test
for differentiation of serum diseEse and infectious mononucleosis.

They report tba. t:

"the absorption of a speci-

men of serum \Tl th the kidney of the guinea pig and of another sample of the same serum with the kidney of the
rabbit offers a convenient method for the differentiation
of infectious monon:lcleos is from serum dis ease and for
the diagnosis of border-line cases.

The agglutinins for

sheep cells will be alriost corripletely absorbed by the
kidney of the guinea pig b}.lt only partly by the kidney
of the rabbit in cases of serum dis ease, and in cases

that are not infectious mononucleosis, while in infectious mononucleosis the absorption with both tissues
will be only pRr ti al and about equal degree.

11
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Bernstein (4)
REPORT OF HETEROPiIIL ANTIBODY DETERMINATIJNS IN
CONDITIONS WITH ANY CLINICAL FEATURES
SIMILAR TO THOSE OF IUFECTI·:YUS
M:JNvNUCLEOSIS

STUDIES WERE CARRIED OUT IN THE FOLLOWING DISEASES:

Diphtheria

Pneumonia
Erysipelas
Streptococcic Tonsillitis
Influenza
Vincent's Angina
F oli omye 11 tis
Herpetic Stonatitis
Tertian l1lalaria
Scar let Fever
Quartan Malaria
Mumps
Yavvs
Chicken Pox
Trichiniasis
Measles
Pregnancy
Luestic Cervical Adenitls
Obstructive .Jaundice
Miliary Tuberculosis
Hyperth;rroidism with
Lyr.ipho cyto sis
Erythema Nodosum
Symptomatic Purpura
Ervthema Mul tiforme
As thrr:a
Ac~1te Rheur:1a tic Fever
Subacute Mact~rial E:nrlocarditis Angione11rotic Edema
Serum Disease

Secondary Lues

THE DISTRIBUTIJH OP THE HETERJPHIL ANTIBODY TITERS IN
THREE

TITER
PER CEHT.

HUNDRED

LESS THAN 1 :4

1:4
32%

CASES

1:8

1:16

14%

1:32
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Bernstein (4)
HETEEJPHIL ANTIBODY TITERS IN

~vME

DI!::EASF.S OF BLOOD

SHEEP CELL AGGL.

Dif,EASE

1:4
1. Pernicious
Aner-;ia

1:8

1:16

HE MARKS

1:32
One vfe ek after
Rx began RBC was

I

l,4oopoo

No ftx RBC
7,500,000

2. Erythrenla

3. Paroxysmal
Hemoglobinuria

f

4. Chronic
Aplastic

Anemia

5. Sickle Cell
Anemia

If

II

I

RBC-2.5 Hgb-45%
Plate :!..ets-80 ,000
WBC-3,000

ffI ff

f

RBC-2.0 Hgb.-40%
WBC-12,000
C1otting time-3 hrs.

6. Hemophilia
? • Purpura

Hemorr.

f 11 ff

Platelets-100,000

8. Hodgkin's
9. Leukopenic

Inf. Mono.

If

I

10. Agranulocytic
Angina
.//

12. Chronic HyE;l.
Leuker:iia
13.

Lymphosarco~a

14. Acute

»VBC-2,300 Monos-100~~
Reccvered after Rx
WEC-500 (plasma cells)

11. Acute Myelog.
Leukemia

f_

f_

WBC-25,000

vmc-37 ,ooo
~

V'IBC-7 ,000

Lyr~ph

Leukemia

WBC-150,000
95% lymphocytes

The titers tabnlated are representative values
from individual cases.
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Bernstein (4)
CJNDITIONS VB ICH .ARE ASSJCIA TED vtITH BACTERIAL
AGGLUTINATION P.EACTIONS

LI SEASE

uRGANISl1I AGGL.

TITER

SHEEP CELL

AGGL.

1:4 1:8 1: 16 1:32

.;.

1. Typhoid

B. Ty phi

1:1280

2. 'I'yphold

B. Ty phi

1:1280

tt II

3. Typhoid

B. Ty phi

1:640

II

I

t.

4.' Typhoid

B. Paratyphi

1:160

5. Typhoid

B. Ty-phi

1:1280

6. ParatyIJhoid

B. Para B

1:160

I

I

I

B. Me lit. Bovine

1:2560

f_

Carrier
7. lVIa.l ta l!'ever

B. Meli t. Porcine 1:3201

B. Meli t. Caprlne 1:3201
8. Dysentery

B. Dys. Shiga

1:160

I

9. Dysentery

B.

1:160

./

D7rs.

J:i'lexner

10. B. Proteus
Pyelitis

B. Proteus

1:160

11. Tick Bite
Fever

B. Proteus

1:160

12. '.i'ulare:mia

B. T ularense

1:320

13. SD.ipestlfer
.Sepsis

B. Suipestifer

1:80

Group II

f_

II

I
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Bunnell (11)
SEEEP CELI, AGGLUTININS IN MISCELLANEuUS CJNDITIJNS

CLIN. CJHDITIJ.NS
IN GROUPS

NO. OF
CASES

RANGE OF
TITER

DIL. OF

8

PATIEr~T 1

SER'"JM

1:2 1:4 1:8 1:16 1:32 1:64
1. Normals

36

Max.
Min.

2.

Psychos::~,

Toxemia.,

28

Normal Pregnancy,
Metal Poisoning
3. F'ractures, Burns,
Myosltls
4. Obesity, Gen.

18

Arter~o27

Malnutrition, Acute
and Chronic Nephritis,

i.

I

Max.

I .; I..

I

I..

I

Max.
Min.

Min.

.S c le r o s is , Diabetes,

II I

Max.
Min.

I

I

Max.

I

I I..

I

Ricl{e ts.
32
5. Peptic Ulcer, Gall
Bladder Disesne, Pe l~r-:c
Inf lam. Disease, Ovarian Cysts, Malignancy,
Ca tarrhal J"aundice

6. Comr.r.on Cold, G-rippe, 48

Influenza, Foll. 1 onsillitis, utitis Media,
i-.cute Cerv. Adenitis,
Acute Bronchitis,
nroncho-Pneurr.onia,
•
···r.ober p. . neumonia,
Empye:ma

7. Bronchia 1 Af- thma,
Pul:mo11ar;y Toe.,
Erythe:ma }~odosum

Min.

.Ma..x.
Min.

33

Max.
Min.

8. Acute RheUIP-atic Fever35
Ehemna tic Arthritis
Rheumatic Heart Dis.

Max.
Min.

II II I

'-

II II I i.

l

I

I i.

i.
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SHEEP CELL AGGLUTININS IN MISCELLANEOUS CONDI'11 IONS (CONTD)
CLIN. CJNDITiuNS
IN GROUPS

NO. OF
CASES

RANGE OF
TITER

DIL. OF PATIENT'S
SEE UM

1:2 1:4 1:8 1:16 1:32 1:64
9. Syphilis--Primary,
16
Eecondary, Tertlary,
and Congenital
10. Erysipelas, Scarlet
Fever, Misc. Strep.

89

t

Max.
Min.

Max.
Min.

ff

Max.

Ill

i.

I

I

Inf., Diphth• ria,

Typhoid, Measles,
Chicken Pox, Pertussis
Mumps, Ii.ening. Mer::.n-

gitis, Vincent's
Angina

11. Primary, SAcondary, 26
and Aplastic anemia
Erythr oblo.s tic Aner.iia
Purpura Hemorrhagica

Min.

It! It i.

Ban ti's Disease

12. Hodgkin's Disease
Agranulocytosis,
Acute and Chronic

27

Max.

Min.

I

t

t

.Mye 1. Leukemia
Mal ign~.n t Thym oma
Ben ie;n Lymphaden os is

13. Serum Disease

22

Max.
iHn.

It

r
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HETEROPHIL AGGLUTININS IN INFEC'l'J..GCS MJHONUCLEJSIS

Stuart reports the examination of serum in fourteen cases of infectious mononucleosis in which the
titers ranged from 1:320 to 1:5,120.

Paul and Bunnell

(45) reported four cases of infectious wononucleosis
in all

or

which titers were recoDded which were higher

than those observed in their most severe cases of serum
disease.

In one instance, there was an original titer

positive in a dilution of 1:1024.
Bernstein reports fifteen cases fulfilling the
clinical requisites of infectious mononucleosis.
each case the titer recorded was the
during the course of

obser~ation.

h~_ghest

In

obtained

In thirteen of fif-

teen cases, heterophil antibodies were present in a
titer of 1:32 .or higher.

Titers of 1:128 to 1:4096

were found in eleven cases.

There was one case with

a 1:4 titer; one case with a 1:16 titer; two cases with
a 1 :32 titer.
Davidsohn (23) stat·es that the finding of an elevated titer of agglutinins for sheep red cells in a
person who has not recently received an injection of
horse serum and who presents a clinical picture and
the hematological findings, of infectious mononucleosis
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indicates with a high degree of probability the presence of infectious mononucleosis.
Also, if a fairly reliable history can be obtained
indicating the absence of the injection of any form of
horse serum in the recent past, a titer of at least 1:64 1:160 (depending on the method of determination) may be
considered as positive evidence.
RELATIONSHIP OF SHEEP CELL AGGLUTININS TO THE SYMPTOM•
ATOLOGY OF INFECTIOUS MONONUCLEOSIS

Bernstein (4) reports that as soon as there exists
any clinical basis for suspicion of the disease, sheep

cell agglutinins will be found in abnormal concentrat:lons in those instances where any increase is ultimately
observed.

Th!.s concentration rapidly attains a maximum

after which there is a gradual decline lasting between
six weeks and nine months--to normal levels even though
this may be temporarily coincident with an aggravation
of the symptoms of the disease.
Paul and Bunnell (45) report two cases in which
the relationship between the agglutinins and the symptoms were studied.
clinical course.

The first case followed a typical

On the seventh day of the illness,
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the sheep cell agglutinins were positive in a dilution
of 1:1024;
1:128.

on the thirteenth day they were positive in

Sheep cell agglutinins when tested eleven months

after his illness were .found to be within normal limits.
The second case had a history of sore throat, fever,
slight jaundice, and on physical examination showed generalized lymphadenopathy, and the liver and spleen were
easily palpable.

Jaundice became more intense and on the

tenth day of illness the icteric index was 36.

At the

height of the illness, the agglutinin titer was 1:526;
during the convalescence the titer was 1:256;

four

months later the agglutinins were negative.

DIAGNJSTIC VALUE OF THE HETEROPHIL AGGLUTINATION
REACTION
This test is not superfluous, for there are numeroue instances in which the diagnosis depends upon this
reaction.

It is stated frequently that infectious mono-

nucleosis can easily be diagnosed from the results of
clinical and hematological e xarnina tions.

That is un-

doubtedly true in the majority of cases.

However, ex-

perience has shown that not infrequently cases are
encountered that present great diagnostic difficulties.
This is due to the great variety of the manifestations
of infectious mononucleosis.
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Bernstein (4) enumerated twenty-nine conditions
which may simulate :i.nfectious mononucleosis.

David-

sohn (23) adds to this list--chronic lymphatic leukemia
and monocytic leukemia, both of which may have to be
differentiated from infectious rnononucleosie.

He also

believes that acute appendicitis; the acute surgical
conditions of the abdomen (other than appendicitis);
acute leukemia; acute gRstritis and hepatitis; agranulocytosis; acute meningitis and encephalitis may all have
to be sepRrated from infectious mononucleosis as occurred
in his series of cases.
Davidsohn divides the diagnostic difficulties into
five groups:
I. To the first group belong the patients with an
atypical, frequently very severe and alarming course
with rare complications.

Here, belong also the patients

who do not show the usual increase in number of the mononuclear cells in the early stages of the disease.

As an

example, he presents a case of infectious mononucleosis
resembling agranulocytosis:
The patient had been taking amidopyrine for menstrual pain and headaches for some time.
There was a history of sudden onset of illness with chills,
fever, swelling of the cervical lymph nodes, and an
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ulcerative lesion of the pharynx.

There was a white

blood count of 1500 with fifteen per cent. granulocytes.
A diagnosis of agranulocytosis was made.

Heterophil

agglutination test was done and was positive in a dilution of 1:896.
mononucleosis.

The diagnosis was changed to infectious
The patient recovered soon afterward.

The leukopenia disappeared early.
on the fifth day was 9300.

The white blood count

The mononucleosis persisted

for many weeks showing sixty to eight): per cent. lymphocytes.
II. Case of infectious mononucleosis with the features of an acute abdominal condition and of an a cute
leukemia; absence of a mononucleosis in the first blood
count.
The patient complained of severe
abdominal pa ins; nausea and vorni ting; and fever.
lymph

node~

not tender.

'1'he

of the neck were slightly enlarged but were
The left upper abdomen was extremely tender.

The white blood count was 6720; there were fifty per cent.
neutrophilic granulocytes, three per cent. eosinophils,
and forty-a ix per cent. lym;Jhocytes.

On the following

day the fever became septic, the per e ent. of mononuclear
cells rose to. fifty-eight.
was suspected.

An acute abdominal condition

An exploratory laparotorny was considered
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imminent if improvement should not take place.

The

white blood count rose to 12,600 and the mononuclear
cells rose to ninety-three per cent, eight per cent.
resembling lymphoblasts.
considered.

Acute leukemia was thus also

A heterophil agglutinin test was positive

in a diltuion of 1:224.

A favorable prognosis was given.

The patient made a rapid and uneventful recovery.
III. Case of infectious mononucleosis with an acute
gastritis, hepatitis, and jaundice with a severe toxemia
a::ic. acute heart failure.
The patient, thirty-seven years
old, complained of gastric distress of a duration of six
weeks.

There was a history of rheumatic heart disease.

On examination the patient showed a moderate jaundice,
slightly enlarged, but not tender, lymph nodes of the
neck and axilla and an enlarged spleen and liver were
found.

The white blood count was 16,250 with eighty-

four per cent. mononuclear and eight per cent. young
cells resembling lymphoblasts.

The temperature rose

steadily and the pulse was one hundred and fifty, and
the patient became very toxic.
oped.

In addition

~o

Pulmonary edema devel-

an a cute endocardi tis, acute

leukemia and infectious hepatitis were considered.
test for infectious mononucleosis was strongly

A

r
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positive--1:896.

A surprising result which was accepted

with considerable doubt.

On the seventh day, a dramatic

change for the better took place and the patient recovered.
These three cases are of the type in which the diagnosis of infectious mononucleosis would have been very
difficult without the serologic test.

Only the later

course of the disease might have suggested the correct
diagnosis.
Another form of diagnostic difficulty is 'encountered
in cases that are indistinguishable f'rorri infectious mononucleosis clinically as well as hematologically and can
be separated from it only by means of the serological test.

IV; Ca.se with lyr.iphocytic angina with a low titer of
heterophilic antibodies; test for infectious mononucleosis
negative.
A boy of eight with a characteristic
history and findings both physical and laboratory had a
negative agglutinin test.

The child recovered rapidly.

In this case the low titer of agglutinins made it easy
to exclude infectious :mononucleosis.

The decision ie dif'ficult in the third gnoup in
which the clinical and hematological pictures suggest
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infectious mononucleosis and the titer of agglutinins
for Rbeep cells is on the border line. (1:56-l:ll2).
It is in these cases th.st the new differential test for
infectious mononucleosis becomes invaluable.

This dis-

ease is excluded if the absorption with the guinea pig
kidney remcves the agglutinins for sheep cells.
Bailey and Raffel (1) suggested the absorption·
with

bee~

erythrocytes as sufficient for differentiation,

claiming that the re:r.ioval of agglutinins for the sheep
cells establishes the
sis.

diagno~in

of infectious mononucleo-

The results of Davidsohn 's a.bsorpt1 on

demon~trated

experiments

that in serum disease, the agglutinins for

sheep red cells are readily removed by boiled beef erythrocytes.

A considerable

nu.~ber

of cases with

~bsorption

of serum from patients without infectious mononucleosis
showed the ability of beef erythrocytes to remo,re agglutinins for sheep erythrocytes.

If tl;_e absorption with

beef red cells-were the only criterion, erronious conclusions would result.

Such errors are prevented by

absorbing the serutn with the guinea pig kidney snd with
beef

erythrocytes~

serve as

Davidsohn presents two cases to

illustrations~

Case of lyrnphocytic angina with a
high (borderline) titer of heterophil antibodies.

A boy
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seven year of age complained of sore throat and markedly
enlarged lymph nodes.

The spleen was moderately enlarged.

The tonsils were covered with a membrane.
was 102.4 F.

The child looked very ill.

The temperature
Throat smears

showed large nUMbers of Vincent's organisms.
theria bacilli were present.

No diph-

The white blood count was

7,200 with fifty-seven per cent. lymphocytes; one per
cent. abnormal lymphocytes.
1:112 (borderline).

The agglutinin titer was

However, the

dif~erential

negative for infectious r.iononucleosis.

test was

The infection

of the pharynx dom 1.nated the further course.
Davidsohn states that such a case which is clinically and hematologically indistinguishable from infectious mononucleosis and serologically negative as
established by the agglutination or differential test
are not infrequent.

He suggests that there is a need

for the separation of infectious

~ononucleosis

as a

serologically homogenous group frorn the other group
that is serologically negative.

To avoid confusion

it may be advisable to apply to the serologically negative group the old term--lymphocytic angian.
T'he fourth group of cases are similar clinically
and hematologically.

The differential test helps to

establish the diagnosis of infectious mononucleosis.
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FALSE POSITIVE WASSERMANN REACTION IN INFECTIOUS
MONONUCLEOSIS
Rolleston and Radford (52) report that they have
had several cases of glandular fever in which no other
evidence of syphilis was obtained but which had positive Wassermann tests.

Bernstein (4) also remarke about

the transient positive Wassermann reaction in the absence
of syphilitic infection.

He states that it appears that

the positive Wassermann exists in spite of the antibodies, for it is apparent that sheep cell hernolysins in
serum would upset the hemolytic system in the Wasserman set up and tend to make positive reactions negative.
Tttered Wa3sermann reactions carried out on serUJTt from
the case of infectious mononucleosis before and efter
absorbing the hemolysins with sheep cells, supported
this conclusion.

SUMMARY

r
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Infectious mononucleosis, at present generally
considered to be identical with glandular fever, is
now regarded as a distinct entity and appears to be
fairly common.

henewed interest in this disease has

been due to the frequency of the condition; its similarity to more serious diseases; and the, at first
sight, alarming blood picture together with the invariably favorable prognosis.

Infectious mononucleo-

sis has one virtue that most of the diseases affecting
the hemopoetic centers do not have, namely, most of
the patients get well, notwithstanding the lack of
knowledge of the etiological factor.
The disease is thought to be moderately contagious and is due to an unknown lnfectious agent to
which both sexes and all ages are susceptible, but
chiefly children and young adults.
The pathological chanbes are not distinctive and
consist of a general hyperplasia of the lymphoid tissue
throughout the body including the pharyngeal lymphoid
tissue, the superficial lymph nodes, the lymphoid
tissue in the intestinal submuccsa, the spleen, the
live, and perhaps the.lymphoid tissue in the salivary
glands.

lJO

Infectious mononucleosis is diagnosed by the
characteristic cytological changes in the bloodchiefly the occurrence of a relative and an absolute
lymphocytosis with a predominance of abnormal, but
mature, lymphocytes;

and more particularly, by the

presence in the serum of heterophil antibodies in a
high concentration.

B I B L I 0 GR A P HY
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